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A previous study showed that the net energy imbalance at the top of atmosphere of about 1 Wm happening during decades that are opposite to the hiatus decades, when globally averaged 102 surface air temperatures rapidly warm? Second, there appears to be a large internally generated 103 component to the hiatus decades, but this variability is occurring while increasing greenhouse 104 gases (GHGs) should make the system want to warm. What is the nature of the interplay 105 between the external forcing and the internally generated decadal timescale variability that could 106 produce hiatus decades and accelerated warming decades? A previous study showed that the 107 most notable accelerated warming decade in the 20 th century, the so-called mid-1970s climate 108
shift (Trenberth and Hurrell, 1994 CO 2 increasing at a rate moderate enough that internally generated decadal timescale variability 138 can occasionally offset the forced warming and produce decades when the surface temperature 139 trend is slightly negative. There are also decades when there is accelerated warming much 140 greater than the long term trend. We examine a future climate scenario rather than 20 th century 141 simulations because the latter have combinations of natural and anthropogenic forcings leading 142 to periods of little warming in certain time periods during the first part of the century (e.g., 143 Meehl et al., 2004; 2012) . In contrast, future climate simulations offer more realizations of 144 internally generated hiatus and accelerated warming decades in the context of persistently 145 positive anthropogenic forcing from increasing GHGs. 146
147
As will be shown below, the net energy flux at the top of the atmosphere during all decades in 148 the RCP4.5 simulations (including hiatus decades, accelerated warming decades, and all other 149 decades) is about 1 Wm for three layers in the global ocean, the upper 300 meters, 300 to 750 meters, and 750 to the 217 bottom of the ocean for hiatus (Fig. 2a) and accelerated warming decades (Fig. 2b) . The 750m 218 level was chosen for reasons of historical observations. 219 220 Non-overlapping error bars in Fig. 2 , defined as (± 1.86 * standard error), are used to show 221 statistical significance at the 5% level, as in . Non-overlapping error bars 222 imply rejection of the null hypothesis in the one-sided formal t-test in addition to the formal t-test 223 based on the difference between two means. To demonstrate this, we define X2 and X1 as the 224 two mean quantities computed from the two sets of n=5 ensemble members. Standard Error is 225 defined as, 226
where i runs from 1 to n, and similarly define S2. This is an increase of 56% compared to +4.5× 10 22 J/decade for all other decades. Meanwhile, 269
there is a statistically significant reduction of heat content trends in the deeper ocean layers in 270 accelerated warming decades (Fig. 2b) compared to increased heat content trends in those layers 271 for the hiatus decades (Fig. 2a) . For the 300-750m layer, accelerated warming decade heat 272 content trends are reduced 16% from +5. Fig. 3d . For the hiatus decades, this produces stronger 307 upward vertical motion near the equator, bringing more cool water to the surface there and 308 negative decadal temperature trends in the equatorial Pacific (Fig. 1a) , while weaker STCs in the 309 accelerated warming decades produce the opposite effect. For the hiatus decades, greater 310 convergence near the subtropics of each hemisphere downwells warm water (e.g., positive 311 decadal temperature trends from about 30° to 45°N, and south of 30°S in Fig. 3e ), while weaker 312 STCs in the accelerated warming decades reduce downwelling, producing cooling to 2000m 313 (Fig. 3f) . For the hiatus decades, there is mostly small amplitude warming south of 60°S 314 spreading equatorward at depth (Fig. 3e) suggestive of a weakening of AABW formation. The 315 accelerated warming decades (Fig. 3f) show the opposite, with negative temperature trends south 316 of 60°S and at depth spreading equatorward indicative of stronger AABW formation. 317
318
In the North Atlantic for the hiatus decades, the composite streamfunction (Fig. 3g) shows a 319 mostly negative trend, implying a weakening of the deep convection with less subduction of cold 320 surface waters, indirectly inducing a warming effect in the subsurface and deep ocean in the 321 Atlantic (Brady and Otto-Bliesner, 2011). For the accelerated warming decades there is an 322 opposite sign of the streamfunction anomalies (Fig. 3h) , suggestive of a stronger AMOC, as 323 evidenced by negative temperature trends down to about 3000m (Fig. 3j) . The negative zonal 324 mean temperature trends south of 60°S and at depth (Fig. 3j) (Fig. 4a) and in the Weddell Sea in September (Fig. 4b)  341 indicate shallower mixed layer depth maxima, indicative of reduced deep convection and 342 weakened AMOC and AABW formation in those locations for hiatus decades, and the opposite 343 for accelerated warming decades, consistent with the temperature differences discussed above in 344 (Fig. 4b)  380 explaining 94.5% of the variance being mostly the trend, and EOF2 with 2.2% of the variance 381 representing an IPO-like pattern. In fact, the pattern correlation of the forced EOF2 in Fig. 5c  382 with the internally generated IPO in Fig. 5a is +0.73, confirming the result from the earlier PCM 383 model that the internally-generated variability associated with the IPO is not totally independent 384 from at least some component of the externally forced response. This leads us to apply the same 385 method used by Meehl et al. (2009) ensures variability is only internally generated without any changes in external forcing. 423
The AMOC index is defined as the maximum of the meridional overturning streamfunction 424 below 500 meters depth in the Atlantic. The AABW index is defined as the minimum of the 425 global meridional streamfunction between 60 to 80°S (for the regressions, the sign of the AABW 426 index is reversed such that stronger AABW formation is a larger positive number). 427
428
The regression patterns in Fig. 8 show that the positive phase of the IPO (Fig. 8a) , a strong 429 AMOC (Fig. 8b) , and a strong AABW formation (Fig. 8c) (the model's IPO in Fig. 5a ) on to the low pass filtered SST data from the five ensemble 691 members of RCP4.5 from CCSM4 (solid lines), and similarly by projecting the first (dotted) and 692 second (dashed) EOFs from the ensemble mean RCP4.5 experiments (Fig. 5b and c,  693 respectively) on to the low pass filtered SST data from the five ensemble members of RCP4.5. 694
Gray shading indicate the eight hiatus decades. Linear trend lines are drawn for each of the 695 pattern correlation time series within the gray shaded periods, red for the IPO, green and blue for 696 EOF1 and EOF2 of the ensemble average RCP4.5 simulations, respectively. 697 698 
